The effects of dietary protein and energy sources of a total mixed ration (TMR) were evaluated based on the performance, carcass quality and production cost of feedlot Kamphaeng Saen steers. Twenty-four Kamphaeng Saen steers were assigned according to a 2 Â 2 factorial in a randomized complete block design with two factors: 1) energy sources comprised of cassava chip (cTMR) and cassava chip plus ground corn (ccTMR); and 2) crude protein (CP) levels (12%CP and 14%CP). The steers were slaughtered after being fed for 120 d. The carcass characterization and meat quality were determined at day 7 of aging. The results indicated that the average daily gain, final weight (p < 0.05), carcass weight (p ¼ 0.06) and the profit of the steers fed the cTMR were greater compared to the ccTMR without effects on carcass characteristic and meat quality. The different levels of CP in the diet had no effects (p > 0.05) on feedlot performance, carcass characteristic and meat quality but steers fed 12%CP cTMR provided a profit. Cassava chip provided good potential to be used as an energy source in a TMR for feedlot cattle.
Introduction
Cattle production in developing countries is dependent on pasture, crop residue and low quality forage (Devendra and Thomas, 2002; Food and Agriculture Organization, 2007; Steinfeld et al., 2006) . Rearing indigenous beef cattle breeds on natural pasture without dietary supplementation in communal areas is a common feature in developing countries. Nowadays, new technologies, mechanization and modernization are changing agricultural production systems from traditional to mechanical systems, which have reduced cattle production in rural areas. With the increasing population in Southeast Asian countries and decreasing cattle production, the beef market demand continues to rise daily while beef cattle production based on existing indigenous beef cattle breeds and natural pasture is insufficient to satisfy demand (Jones, 2013; Thornton, 2010; United Nations Industrial Development Organization, 2013) . Sawanon (2013) summarized developments with Kamphaeng Saen beef cattle, the first beef cattle breed of Thailand. This cross breed between Bos taurus (50% Charolais) and Bos indicus (25% Brahman and 25% Thai native) provides high quality beef but is yet to show high growth rates and performance. Accordingly, it is important to provide the cattle with adequate amounts of digestible nutrients for their optimal performance. Otherwise, the predominant use of low nutritive value forage will usually result in poor performance and reduced average daily gain of 450 g/ d (Sawanon, 2013) .
Therefore, additional protein and energy supplement will be often required for cattle fed on forage-based diets as such forage is low in quality during the winter season or under a poor management regime (Horrocks and Vallentine, 1999) . Wanapat (2009) reported that energy and protein are the most important sources of nutrients for beef cattle as the nutrients stimulate rumen microorganisms for their growth and rumen fermentation and enhance the productive functions of the animals. In the rumen, simultaneous carbohydrate fermentation is essential for microbial protein synthesis. He found that ammonia nitrogen and carbon sources from corn or cassava chip were superior to other local feed energy sources. Using cassava chip plus ground corn provided more synchronous carbohydrate and protein degradation in the rumen when combined with urea as a non-protein nitrogen (NPN) source and soybean meal as a nitrogen source because soybean meal and ground corn have similar rumen degradation rates, while urea and cassava chip are highly degradable in the rumen (Sawanon, 2008) . The objective of the current study was to evaluate the effects of total mixed ration (TMR) feeding using cassava chip or ground corn plus cassava chip as energy sources with different crude protein levels on the feedlot performance and carcass quality of Kamphaeng Saen steers.
Materials and methods

Animal arrangement and management
Twenty-four Kamphaeng Saen steers were grouped into six blocks over the period of the study with four animals per block after each animal had reached a body weight (BW) of 350 kg when they were castrated and administered a preventive treatment of Albendazole (5 mL per 100 kg BW) and Ivermectin (2 mL per 100 kg BW). The four TMR diets were assigned randomly to the four animals in each block. The steers were weighed again at the end of the adaptation period (14 d) when their feed intake was stable. The animals were kept in individual pens (2.5 m Â 6 m) each with a roof and concrete floor and TMR was fed ad libitum. The feeds were offered twice per day (at 0700 h and at 1700 h). The feeding trial lasted for 120 d until the animals had reached the local market weight (500e550 kg). During the experimental period, each animal had free access to clean, fresh drinking water.
Experimental diets
The four finishing TMR diet treatment combinations were: T1) cassava chip (c) and 12% crude protein (CP)-based TMR; T2) cassava chip and 14% CP-based TMR; T3) cassava chip plus ground corn (cc) and 12% CP-based TMR; and T4) cassava chip plus ground corn and 14% CP-based TMR. The ingredients and chemical compositions of the experimental diets are shown in Table 1 . The representative feed samples were collected at least five times from each batch and all these samples from the same batch were sampled again to make a single sample and the samples were analyzed to evaluate the nutrient composition of the TMR. Samples of feeds and refusals were analyzed for dry matter (DM), ash, crude protein (CP), ether extract (EE), calcium and phosphorus using standard methods (Association of Official Agricultural Chemists, 1990) . Neutral detergent fiber (NDF), and acid detergent fiber (ADF) were analyzed according to the procedure of Van Soest et al. (1991) .
Performance data collection
Dry matter intake (DMI), average daily gain (ADG) and the feed conversion ratio (FCR) were measured to obtain animal performance data. DMI was measured by the difference between the weight before feeding and the residual feed removed from each feed trough. Daily feed consumption was recorded and refusals were collected from individual animals in the morning of the next day. Steers were weighed at the start of the study and then every 30 d (successive periods) during the experiment. The means of the initial, final and successive period body weights for each treatment combination were recorded throughout the trial at the same interval to determine the ADG and FCR.
Carcass characteristics and meat quality data collection
At the end point of the experiment (a BW of 500 ± 36 kg), each steer was weighed and then deprived of feed, but allowed free access to water before being stunned and humanely slaughtered after a fasting period of approximately 12 h. The weight of the head, hide, intestinal tract, internal organs and kidneys, pelvic and heart fat (KPH fat) were recorded at the time of slaughtering. The warm carcass weight (WCW) was taken shortly after slaughtering. The dressing percentage was determined as the carcass weight divided by the live animal weight (Yimmongkol et al., 2009 ). Carcasses were chilled at 4 C for 7 d. The chilled carcass weight (CCW) of each carcass was recorded and the chilling loss was determined after chilling for 7 d. The carcass temperature and pH level were measured at 1 h and 24 h post-mortem from the muscle of the lumbar region (between the 4th and 5th lumbar vertebrae) using a portable meter with a penetrating electrode probe (TESTO205 pH/ Temperature meter; Testo Pty Ltd., Croydon South, VIC, Australia). Two measurements were made for each carcass according to the technique of Orellana et al. (2009) .
Back fat thickness was measured using a caliper over the longissimus dorsi muscle (LD) between the 12th and 13th ribs at threequarters of the length of the loin eye muscle from the chine (backbone) according to Orellana et al. (2009) . The area of the loin eye was measured by tracing the outline onto tracing paper and determined using an LI-3100 CArea Meter (LI-3100, Li-COR Biosciences, Lincoln, NE, USA) according to Cacere et al. (2014) . Marbling was evaluated by estimating the amount of intramuscular fat visible on the cut surface of the rib eye muscle between the 12th and 13th ribs using photographic standard scales of five values: Food Standards, 2004) . Meat color was assessed using the L*, a*, b* system (Commission Internationale de L'Elairage, 1978) using a color meter (HunterLab Mini Scan EZ, 4500L, Reston, VA, USA) to determine the colorimetric index of chromaticity. Color was measured on the LD muscle between 12th and 13th ribs after cutting a slice and blooming for 15 min. A meat sample from the LD at the surface between the 12th and 13th ribs was taken to determine drip loss according to Christensen (2003) . Additionally, for n the LD sample, grilling loss and tenderness were determined. Samples were sliced 2.5 cm thick. Each sample was weighed and grilled in an electric oven at 150 C until the internal temperature reached 70 C (using thermocouples to monitor the core temperature). The grilled meat was weighed again and grilling loss was expressed as the percentage loss related to the initial weight after cooling down to room temperature (Jaturasitha et al., 2009 ). Then, core samples were used to determine tenderness using the WarnereBratzler shear force (WBS). The sample was punched parallel to the muscle fibers using a steel hollow-core device with a diameter of 1.27 cm to obtain six pieces from each muscle sample. The shear force test was performed using a WarnereBratzler Shear device (Challion; GH Electronics Co.; San Francisco, CA, USA). The samples were sheared across the fiber axis using a V-shaped cutting blade with a shearing velocity of 20 cm/min. The shear force value from each steak was recorded and the average value was used for evaluation (Jaturasitha et al., 2009 ).
Production cost and economic return
The production was determined using the cattle cost, feed cost and total cost for each beast, which were calculated using Equations (1) 
where the management cost includes capital investment expenditures (depreciation price of land, building and utensils) and current expenses (wages, medicine, water, electricity, fuel, materials and interest amounts). Income was determined using the local market pricing method of the Kasetsart University Beef Cattle Cooperative Company Limited as shown in Equation (4):
Statistical analysis
The data were analyzed as a randomized complete block design with a 2 Â 2 factorial arrangement. The blocks were arranged by the periods with four animals having the same BW. The effect of TMR feeding with different energy sources and different crude protein levels on the performances and carcass quality were analyzed statistically using analysis of variance and a general linear model
where m is the overall mean, g k is blocking effect (k ¼ 1, …,6), 3 ijkl is the random error term, a i (i ¼ 1, 2), b (j ¼ 1, 2) and ab ij are the effects of energy treatment, protein treatment and their interaction, respectively. The significant effects were determined at p 0.05. Differences of p < 0.1 were discussed as trends. The treatment means were used to compare the different results using Duncan's new multiple range test. The production and economic returns were not analyzed statistically.
Results and discussion
Feedlot performance
The energy sources and crude protein levels of the different diets fed to the steers produced no significant interaction on the feedlot performance and carcass characteristics of steers. The steers fed cTMR had significantly increased final body weight and tended to have increased weight gain and ADG (p ¼ 0.06) compared to steers fed ccTMR.
Furthermore, protein levels and energy sources had no effect on FCR and feed intake (Table 2) . However, when the protein levels in cTMR were considered, there was a numerical difference (16 kg) in the initial body weight (12%CP at 376 kg versus 14%CP at 392 kg). There was a significant difference (14 kg) between the body weights (12%CP at 507 kg versus 14%CP at 521 kg). Although the difference in the CP levels tended to be higher (p ¼ 0.092) in initial body weight and might have been the cause of the difference in final body weight, when the weight gain was considered, there was no difference (p ¼ 0.200) even though in ccTMR there was a numerical difference (27 kg) in weight gain (12%CP at 98.17 kg versus 14%CP at 125.17 kg). Nevertheless, in ccTMR, the steers fed the TMR diet containing 14%CP had significantly higher final body weights compared to the 12%CP TMR diet but when weight gain was considered, there was no difference. Huuskonen and Huhtanen (2015) concluded that the body weight gain of growing cattle increased with increasing ME intake (ME/BW 0.75 ) and showed only marginal effects for the protein supply on body weight gain, consistent with Huuskonen et al. (2014) who reported that the body weight gain and ADG response of cattle fed a control diet were not related to the CP concentration in the diet and increased protein supplementation was negatively related to the DMI and ME intake. Although in the current study there was a similar energy composition among the treatments ( Table 1 ), cTMR that contained cassava chip would provide a greater rumen soluble energy source compared to ccTMR that replaced 18% DM of main energy sources in the formula by ground corn. Chanjula et al. (2003) concluded that cassava chip had the greatest values at all times. The results of the current study indicated that steers fed highly rumen degradable energy sources such as cassava chip (Chanjula et al., 2003; Wanapat, 2003; Wanapat and Khampa, 2007) would give better feedlot performance for Kamphaeng Saen steers. The finishing performance results in this study differed slightly with the results described in Zinn and DePeters (1991) and Holzer et al. (1997) , where the inclusion of cassava addition in the diet increased the feed intake and ADG; however, the results indicated that cassava chip had good potential to be used as an energy source in feedlot rations.
Carcass characteristics
The carcass characteristics of steers fed different energy sources and crude protein levels are shown in Table 3 . The dressing, KPH fat percentage, back fat thickness, loin eye area and marbling score were not significantly different between the two energy sources. On the other hand, the empty body weight of cattle fed cTMR was significantly higher whilst WCW and CCW and entrails weight tended to be higher (p ¼ 0.064, 0.069 and 0.055, respectively) than in the other group. It was clear that these carcass traits were higher in cTMR compared to ccTMR according to the higher final body weight as well. Furthermore, in entrails weight, Sawanon and Chaiyahan (2011) reported that cattle fed high energy diet had higher visceral fat as fat would accumulate in visceral organs, subcutaneously.
The steers fed 14%CP TMR diet had greater (p < 0.05) WCW and CCW than the steers fed the 12%CP TMR diet, although other carcass compositions showed no significant differences. KPH fat tended to increase (p ¼ 0.076) with 12%CP due to the effect of increasing HCW and CCW without any difference in the empty body weight. Conversely, the current study diverged with the results reported by Huuskonen et al. (2014) and Huuskonen and Huhtanen (2015) that the CP concentration had no effect on the carcass weight, dressing proportion and carcass conformation score.
Carcass quality
The carcass quality of steers fed different energy sources and crude protein levels are shown in Table 4 . The changes in the pH level and carcass temperature at 1 h and 24 h post-mortem were found to be regular and there were no significant differences between feeding with different energy sources (cTMR and ccTMR) and crude protein levels (12%CP and 14%CP). There were no significant differences in chilling loss, drip loss and grilling loss among the treatment groups. These results indicated that the water holding capacity of the carcasses of the animals was not affected by feeding with different energy sources and crude protein levels. Meat color values (L*, a*, b*) and shear force showed no significant effects between the two different TMRs even with the different energy sources. The carcass quality of the current study agreed with other studies on different energy sources by Yimmongkol et al. (2009) and Laorodphan et al. (2012) which also reported no significant effects on meat quality.
Production cost and economics return
The carcass income from steers fed different energy sources and crude protein levels are shown in Table 5 . The results showed that steers fed 12%CP cTMR had a greater total production cost (USD Table 2 Feed intake and feedlot performance of Kamphaeng Saen steers fed two different crude protein (CP) levels using cassava chip (cTMR) or cassava chip and ground corn (ccTMR) as the energy sources in the total mixed ration (TMR). .03%) compared to 12%CP. The diet containing higher CP had a higher feed price or feed cost per day; nevertheless, when considered in terms of feed cost per gain or production cost per gain, the steers fed lower CP provided greater profit compared to higher CP, except in the steers fed 12%CP ccTMR because this group had the lowest growth performance (ADG and body weight gain). This resulted from the inclusion of ground corn in ccTMR because during the experiment, the price of ground corn was higher than for cassava chip (USD 0.35/kg and USD 0.29/kg, respectively). Greater income was dependent on the carcass price and chilled carcass weight, because carcass income was calculated by multiplying CCW by carcass price. The results revealed that the steers fed a TMR diet using only cassava chip as the energy source provided higher profit than the other group. Even though the total production cost and total feed cost were higher than in the other group, cassava chip still had enough potential to be used as a cheap energy source of TMR diet in feedlot rations. Using cassava chip in the TMR produced a better finishing performance, higher income, and cheaper cost than a TMR diet with cassava chip plus ground corn without affecting the meat quality. Cassava chip has potential to be used as an energy source in TMR for feedlot cattle because of its cheaper price and market availability. The different levels of CP in the diet had no effect on feedlot performance, carcass characteristics and carcass quality although the final body weight, WCW and CCW were greater in steers fed 14%CP. The diet containing 12%CP cTMR provided the highest profit (%). 
